Abstract The Kluyveromyces lactis homologue of the Saecharomyces cerevisiae HAP3 gene was isolated by functional complementation of the respiratorydeficient phenotype of the S. cerevisiae hap3::HIS4 strain SHY40. The K1HAP3 gene encodes a protein of 205 amino acids, of which the central B-domain of 90 residues is highly homologous to HAP3 counterparts of S. cerevisiae and higher eukaryotes. The protein contains a novel 4-cysteine zinc-finger motif and we propose by analogy that all other homologous HAP3 proteins contain the same motif, with the position containing the third cysteine being occupied by a serine residue. In contrast to the situation in S. cerevisiae, disruption of the K1HAP3 gene in K. lactis does not result in a respiratory-deficient phenotype and the growth of the null strain is indistinguishable from wild type. There is also no effect on the expression of the carbon source-regulated KICYC1 gene, suggesting either a different role for the HAP2/3/4 complex, or the existence of a different mechanism of carbon source regulation. Sequence verification of the S. cerevisiae HAP3 locus reveals that, just as in K. lactis, a long open reading frame (ORF) is present upstream of the HAP3 gene. These highly homologous ORFs are predicted to have at least eight membrane-spanning fragments, but do not show significant homology to any known sequence present in databases. The ScORFX gene is transcribed in the opposite direction to ScHAP3, but, in contrast to an earlier report by Hahn et al. (1988) , the transcripts of the two genes do not overlap. The model proposed by these authors, in which the ScHAP3 gene is regulated by an anti-sense non-coding mRNA, is therefore not correct.
Introduction
Mitochondrial biogenesis in the yeast Saccharomyces cerevisiae is regulated primarily at the level of transcription (Grivell 1989) . Since respiratory function is not required under fermentative conditions, many genes coding for mitochondrial proteins are subject to carbon catabolite repression. Thus, genes coding for components of the respiratory chain, like CYC1 (Guarente et al. 1984) and QCR8 (DeWinde and Grivell 1992) are repressed when the cells are grown on glucose and transcription is induced roughly ten fold when the cells are grown on a non-fermentable carbon source. The main transcriptional regulator of this induction is thought to be the heterotrimeric transcription-activation complex HAP2/3/4. The genes for the proteins of this complex were isolated via a selection procedure that exploited the ability of the subunits of the complex to bind to UASup1 of the CYC1 gene and to activate transcription (Pinkham and Guarente 1985; Hahn et al. 1988; Forsburg and Guarente 1989) . Based on in vitro mobility-shift experiments, Olesen et al. (1987) concluded that HAP2 and HAP3 bind to the DNA in an interdependent manner. HAP4 protein does not bind DNA directly, but augments the binding of HAP2 and HAP3 (Forsburg and Guarente 1989) . Mutations in any of the three HAP genes lead to a non-functional complex, with a consequently diminished induction of genes coding for mitochondrial proteins. Correspondingly, mutant cells are unable to grow on non-fermentable carbon sources. In S. cerevisiae the HAP2 and HAP3 genes are expressed constitutively at a low level, whereas the expression of the HAP4 gene is glucose repressible. This suggests that HAP4 is a key regulator of the HAP2/3/4 complex in its response to carbon source (Forsburg and Guarente 1989) . Genes corresponding to HAP2 and HAP3 have been isolated from a number of organisms (Chodosh et al. 1988a; Hooft van Huijsduijnen et al. 1990; Maity et al. 1990; Vuorio et al. 1990; Olesen et al. 1991; Li et al. 1992b ). Chodosh et al. (1988b) have shown that human CP1 and the S. cerevisiae HAP2/3/4 complex bind to the same sequence, CCAAT, and make similar DNA contacts and, in addition, that the HAP2 and HAP3 homologous subunits are functionally interchangeable in vitro. The CP1 complex consists of more than two subunits, but none of the additional subunits appear to correspond to the S. cerevisiae HAP4 factor.
For HAP2, sequence comparison and deletion analysis showed that the 65-amino acid core domain is necessary and sufficient for complex formation and DNA binding (Olesen and Guarente 1990; Olesen et al. 1991) . For HAP3, the central B-domain of 90 amino acids is thought to be required both for complex formation and DNA binding (Hooft van Huijsduijnen et al. 1990; Maity et al. 1990; Vuorio et al. 1990; Becker et al. 1991) . So far, inspection of the sequences of either B-domain has failed to reveal known DNA-binding motifs (Struhl 1989) . However, based on results obtained using the chelator orthophenanthroline, Hooft van Huijsduinen et al. (1987) suggested that the mammalian NF-Y protein complex is a metallo-protein and that most probably Zn 2÷ is involved. Recently the same authors proposed a half-finger model in which the cysteine residues at position 68 and 72 of HAP3, together with the histidine residues at position 196 and 200 of HAP2 (numbering according to S. cerevisiae HAP genes), form a motif reminiscent of the 2*cys-2*his zinc-finger motif (Hooft van Huijsduijnen et al. 1990 ). We report here the isolation of the HAP3 gene of the yeast Kluyveromyces lactis and show that the protein resembles other HAP3 factors, but is exceptional in having a novel 4-cysteine zinc-finger motif. Unlike the corresponding S. cerevisiae disruptant, the K1HAP3 null mutant is not respiratory deficient, suggesting either that the HAP2/3/4 complex in this yeast may fulfil a different function or that escape from glucose repression is mediated by different or additional factors.
Materials and methods
Strains, media and genetic methods Yeast strains used are listed in Table 1 . Both S. cerevisiae and K. lactis cells were grown in YPD (1% yeast extract, 2% Bacto-peptone and 2% glucose), YPEG (1% yeast extract, 2% Bacto-peptone, 2% w/v ethanol and 2% glycerol) or WO (0.67% Yeast Nitrogen Base without amino acids and 2% glucose) supplemented with the appropriate amino acids and nucleotides. For plates 2% Bacto-agar was added. Standard methods were used for genetic analysis (Campbell and Duffus 1988) , yeast transformation (Dohmen et al. 1991) and Escherichia coil transformation (Sambrook et al. 1989 ).
Construction of a K. lactis genomic DNA library Genomic DNA was isolated from K. lactis CBS2359 and partially digested with Sau3A. Fragments were separated in a 10%-40% sucrose gradient. Fragments ranging from 4 to 10 kb were ligated into the BamHI site of YepLac195 (Gietz and Sugino 1988) . After transformation into E. coli about 25000 transformants were obtained. More than 90% of the transformants contained the YepLac195 vector with an insert (white colonies). Transformants were pooled and plasmid DNA was isolated.
Isolation and sequence determination of the K. lactis HAP3 gene In five separate transformations, 5 gg of the K. lactis genomic library was transformed into SHY40. Transformants were selected for uracil prototrophy at 30 °. After 3 days, approximately 10000 transformants were replica-plated onto YPEG. Twenty-four transformants complemented the respiration deficiency of the hap3-null strain. Vector DNA was isolated (Soni and Murray 1992) and, after amplification in E. coli, retransformed into SHY40 to confirm complementation. Restriction maps were constructed of the complementing plasmids and the K1HAP3 gene was located by Southern blotting, using a 1030 bp fragment of ScHAP3 (XhoI-BamHI) as probe. The complementing clones could be divided into two classes containing overlapping DNA inserts. Suitable fragments were subcloned in CBS2359  MW179-1D  MW203-5C  WMD001  WMD7300-D1  WMH7302- D1 a, 15, 112, 328, 372 a, As BWG1-7a but hap2 As BWG1-7a but hap3 :: HIS4 As BWG1-7a but hap4:: LEU2 a ~, uraA, leu2, metAl, trpl, adeW, adeR a, Ieu2, trpl, trpl/trpl, Ieu2/leu2 As WMD001 with HAP3/hap3:: ScLEU2 uraA, Ieu2, trpl, metal, adeR, hap3 Oliver et al. (1992) vector pBluescript II ÷ (Stratagene), either KS or SK, and the DNA sequence of both strands was determined according to Sanger et al. (1977) . For sequence verification of the S. cerevisiae HAP3 locus the vector pSH95 (Hahn et al. 1988 ) was used together with primers PH154-158 (Table 2) .
Kluyveromyces lactis
KlHAP3 gene disruption and confirmation by Polymerase chain reaction (PCR)
For disruption of the chromosomal copy of the KlHAP3 gene, a 2200 bp fragment containing the S. cerevisiae LEU2 gene was blunted and cloned in the EcoRI site of the KlHAP3 gene (Fig. 1) . A 2900 bp NdeI-NsiI fragment was isolated and transformed into the diploid K. lactis strain WMD001. Transformants were selected for leucine prototrophy and screened for the presence of the correct gene disruption by the PCR technique recently described by Sathe et al. (1991) , using primers specific for the HAP3 locus (LSP), the HAP3 gene (GSP) and the ScLEU2 marker (MSP) ( Table 2 ). Cells were either directly added to the reaction mixture or chromosomal DNA was isolated (Soni and Murray 1992) prior to performing the PCR reaction. Only one transformant appeared to have a correctly disrupted KIHAP3 gene. This diploid, WMD7300-D1, was subjected to random sporulation and gene disruption was confirmed by Southern blotting of chromosomal DNA isolated from several spores. Phenotypes of the spores were determined by using media containing different carbon sources. The presence of selective markers was determined using drop-out media (Campbell and Duffus 1988 (Heus et al. 1993 ).
RNA analysis
Total RNA isolation and Northern blot analysis were performed as described (DeWinde and Grivell 1992) . Poly(A) + mRNA was isolated as described by the manufacturer, using a Poly (U) Sepharose 4B column (Pharmacia). For hybridisation, a 500 bp EcoRI-HindIII fragment of plasmid pART6 containing the K. lactis CYC1 gene (Freire-Picos et al. 1993 ) and a 900 bp EcoRI-HindIII fragment of plasmid pKL7 containing the K. lactis actin gene (Deshler et al. 1989) were used. To detect the different transcripts of the ScHAP3 gene loci the following fragments were used: DraI-BglII, 1036 bp (ScORFX 3 kb); XhoI-SacI, 232 bp (ScHAP3), both isolated from plasmid pSH95 (Hahn et al. 1988) . Quantitation of Fig. 5 was performed with a Datacopy GSplus laserscanner (Xerox) using the Scan Analysis densitometer application (Biosoft) with matched background subtraction.
Accession numbers
The nucleotide sequences of the KlHAP3 locus and the corrected ScHAP3 locus will appear in the EMBL, Genbank and DDBJ Nucleotide Sequence Databases under the accession numbers L25779 and M20318, respectively.
Results

Isolation of the K. lactis HAP3 gene
Owing to disruption of the hap3 gene the S. cerevisiae SHY40 strain is unable to respire and is therefore unable to grow on non-fermentable carbon sources. The K. lactis HAP3 gene was isolated by functional complementation of this phenotype (detailed in Materials and methods). Plasmids were isolated and, after subcloning, the DNA sequence of the insert was determined. The restriction map of the K. lactis HAP3 locus and the open reading frames (ORF) found are depicted in Fig. 1 . The DNA sequence, together with the translated ORFs, is shown in Fig. 2 . Pulsed field gel electrophoresis shows that the KIHAP3 locus is located on chromosome V (M. Wesdlbwski-Louvel, personal communication).
To determine whether the homologous ScHAP3 and K1HAP3 genes affect the growth rate of S. cerevisiae differently, both were cloned in the S. cerevisiae/K. lactis shuttle vector pRS306/K2-ScCEN16 and transformed into the S. cerevisiae hap3 null strain (SHY40). No growth rate difference was observed on glucose medium, but on ethanol/glycerol medium the KIHAP3 transformants grew significantly more slowly than the , colonies were selected for leucine prototrophy. B For the isolation of transformants having a correctly disrupted KIHAP3 gene, DNA was isolated and subjected to polymerase chain reaction (PCR) analysis. The locus-specific primer (LSP) was used together with either the marker-specific primer (MSP) or gene-specific primer (GSP). C After completion of the PCR reaction, one-tenth of the reaction volume was subjected to electrophoresis on an agarose gel. Lane 1, 2 DNA/HindlII; lanes 2, vector pFLU1/HincII; lanes 1 and 6, spore derived from diploid A; lanes 2 and 7, spore derived from diploid B; lanes 3 and 8, diploid A; lanes 4 and 9, diploid B; lanes 5 and 10, wild-type CBS2359. Lanes 1-4, LSP and MSP; lanes 5-9, LSP and GSP. Note that for both diploids A and B in lanes 9 and 10, respectively, the wild-type and the disrupted KlHAP3 locus give rise to different fragment lengths. D Diploid WMD7300-D1 was sporulated. DNA was isolated from spores WMH7301/7302/7302 and used for Southern blotting. For hybridisation probe I, an EcoRI fragment derived from 4:3.1 was used. In the StuI digestion, the 3.5 kb fragment containing part of the S c H A P 3 t r a n s f o r m a n t s . These results suggest t h a t the h y b r i d H A P 2 / 3 / 4 c o m p l e x activates m i t o c h o n d r i a l biogenesis less efficiently t h a n the c o m p l e x c o n t a i n i n g the e n d o g e n o u s S c H A P 3 p r o t e i n . As yet, h o w e v e r , a l t e r n ative e x p l a n a t i o n s , i n c l u d i n g s u b o p t i m a l synthesis, o r i n c r e a s e d t u r n o v e r of the K 1 H A P 3 p r o t e i n in S. cerevisiae c a n n o t be c o m p l e t e l y excluded.
M o r e o v e r , K 1 H A P 3 is u n a b l e to replace either S c H A P 2 or S c H A P 4 p r o t e i n in S. cerevisiae, as was d e t e r m i n e d b y t r a n s f o r m i n g the o r i g i n a l p l a s m i d #e 3.1 into b o t h a Schap2 null ( J O I -I A ) a n d a Schap4 null (SLF401) strain. After selection for uracil p r o t o t r o p h y , n e i t h e r of the t r a n s f o r m a n t s was able to g r o w on a n o n -f e r m e n t a b l e c a r b o n source.
• .
• , • .
1 GATCACCGGAGCAACACTTTGGAAAAACGCCTCGAAGATACCATTCAAGGAAAGGAATG 59 1140 GCACTAGCAAAGTGTTCAACAAGAAATTAACCCCTTTACTCAACGTTTGTCCCAACATTA 1199 (1) The small N-terminal A-domain is only weakly conserved. Although its sequence and domain length are conserved in higher eukaryotes it differs significantly in both yeasts and maize. In K. lactis the Arecently determined consensus poly (A) site signal in Saccharomyces eerevisiae (Irniger et al. 1992 ) are underlined domain is only 20 amino acids long. The only observable conservation is the preference for acidic residues, which gives this region a rather hydrophilic character.
(2) The central B-domain is highly conserved both in length (90 amino acids) and sequence. The K. lactis and S. cerevisiae sequences are 89% identical in this region, while the K. lactis and human comparison reveals 66% identity. These values rise to 98% and 88% respectively if conservative substitutions are included. The Cterminal end of the B-domain coincides with the conserved position of an intron in the higher eukaryotes (Li et al. 1992a eukaryotes in having a split NF-YB/HAP3 gene and that the position of the intron is also conserved in this organism. The B-domain is thought to be involved in subunit interaction and DNA binding (Hooft van Huijsduijnen et al. 1990; Maity et al. 1990; Vuorio et al. 1990; Becker et al. 1991) . For S. cerevisiae, evidence has been presented that supports this hypothesis (Olesen and Gaurente 1990) .
Except for K. lactis HAP3, all the homologous HAP3 proteins share the protein sequence motif CVSExISF (L, I, V, M,) TSEAS (D, E) (K, R) C, which is present in the B-domain. The K. lactis HAP3 protein differs from the other sequences in having the last conserved serine residue replaced by a cysteine residue. As described below we propose that this sequence is part of a novel four-cysteine zinc-finger motif.
(3) The carboxy-terminal C-domain of HAP3 differs significantly between lower and higher eukaryotes. K. lactis has a C-domain of 95 amino acids, which is long compared with the corresponding region of S. cerevisiae HAP3, which is only 18 amino acids in length. The C-domains of all homologous HAP3 factors are rich in glutamine residues. This feature is present in activation domains of many transcription factors and it is tempting to speculate that HAP3 is directly involved in trans-activation. Positions 124-149 in the C-domain of K1HAP3 contain predominantly acidic amino acids and are predicted to form an e-helix. This feature is also characteristic of many transcription factor activation domains. Finally, positions 156-179 in the C-domain of K1HAP3 are serine/threonine-rich with 10 serines and 5 threonines present in 24 residues. The HAP2 proteins of both S. cerevisiae and Schizosaccharomyces pombe also contain serine/threonine-rich regions, although unlike the situation in K1HAP3 these are present at the N-terminus of the protein.
K. lactis HAP3 contains a novel four-cysteine zinc-finger motif
Careful examination of the K. lactis HAP3 protein sequence shows that the only four cysteine residues present are arranged in a configuration that is reminiscent of the 2*cys-2*his zinc-finger motif in other transcription factors (indicated in Fig. 3 ). Other characteristics of this motif are also present: a phenylalanine residue at position 4 in the loop and three basic residues C-terminal of the last cysteine. We therefore propose that the HAP3 protein of K. lactis contains a zinc-finger motif. This motif is unusual in being closely related to the 2*cys-2*his zinc-finger motif while possessing four cysteine residues. Since HAP3 factors from yeast to man display functional conservation, we propose that all other HAP3 proteins contain a similar, novel zinc-finger motif. This motif has not been recognised so far because these proteins contain a serine residue at the position occupied by the third cysteine residue. In addition, the maize HAP3 protein contains a threonine residue at the normal first cysteine position. This serine and probably also the threonine need not hamper function. As in other zinc-binding proteins, such as phosphomonoesterase (Coleman 1992) , the oxygen atom of these residues should be capable of assisting in the positioning of the Zn 2 ÷ atom.
This method is schematically depicted in Fig. 1 together with the result of the KlHAP3 gene disruption. Disruption was confirmed for spore WMH7302-D1 by Southern blotting (Fig. 1) . We were surprised to find that all leucine prototrophic spores grow on medium containing ethanol/glycerol as sole carbon source without showing significant phenotypic growth differences relative to spores containing an intact K1HAP3 gene. In contrast to S. cerevisiae, the KIHAP3 gene in K. lactis is therefore not essential for growth on non-fermentable carbon sources.
To check whether gene disruption affects the mRNA level of genes whose counterparts in S. cerevisiae show carbon source-dependent expression, we carried out Northern analysis of the KICYC1 gene, encoding iso-1-cytochrome c (Freire-Picos et al. 1993 ). In S. cerevisiae, the ScCYC1 gene is poorly expressed when the cells are grown in the presence of glucose and is induced more than ten fold when the cells are grown solely on a non-fermentable carbon source (Zitomer and Lowry 1992) . This carbon source-dependent expression is mainly regulated by the HAP2/3/4 complex. As in the promoter of the ScCYC1 gene, the promoter of the KICYC1 gene contains a consensus recognition site for the HAP2/3/4 complex and as Fig. 4 shows, the expression of the KICYC1 gene is also carbon source regulated in K. Iactis. The expression of the KICYC1 gene in ethanol/glycerol grown cells is roughly seven fold higher than in glucose-grown cells. However, Fig. 4 shows that KIHAP3 gene disruption affects neither the carbon source-dependent expression of the KICYC1 gene, nor the level of mRNA produced.
Disruption of the K. lactis HAP3 gene does not affect growth on a non-fermentable carbon source Although the HAP2 and HAP3 proteins are highly conserved between various organisms, it is only in the yeast S. cerevisiae that the trimeric HAP2/3/4 complex seems to be involved in mitochondrial biogenesis and, in particular, in the carbon source response. Disruption of any of the three H A P genes in S. cerevisiae results in inability to respire and hence to grow on non-fermentable carbon sources. To see whether this holds for the yeast K. lactis, the KIHAP3 gene was disrupted as detailed in Materials and methods. One-step gene disruption in S. cerevisiae is usually highly efficient, yielding large numbers of transformants containing the desired disruption. This is not the case in K. lactis, in which the disruption fragment seems to integrate more or less randomly in the genome.
To screen the transformants rapidly a recently developed PCR technique was used (Sathe et al. 1991) .
Plasmid
KICYC1
KlActin 5% glucose I 2% glucose I 2% ethanol 2% glycerol Fig. 4 Strain WMH7302-D2 (Klhap3 :: ScLEU2) was transformed with either pRS/ScHAP3 or pRS/K1HAP3. Transformants and untransformed WMH7302-D2 were grown in rich medium containing the carbon source indicated. RNA was isolated and 10 gg was used on a native agarose gel for Northern blot analysis (Fig. 5) , suggesting that the region upstream of the ScHAP3 gene in S. cerevisiae could code for a protein homologous to K1ORFX. This contrasts with the observation of Hahn et al. (1988) that a 3 kb mRNA derived from this region does not contain any sizeable ORFs. To clarify these conflicting observations we verified the DNA sequence of this region, using plasmid pSH95, and found that the published sequence contains multiple errors. The corrected ScHAP3 locus reveals the presence of the homologous ScORF. The ScORFX and K1ORFX proteins are at least 428 and 417 amino acids long, respectively. Stop codons for both proteins have not yet been found, because the coding sequences extend beyond existing clones. ScORFX and K1ORFX are 62% identical (82% homologous) over the region so far sequenced and do not show significant homology to any sequence present in the database (Fig. 6 ). ORFX is a rather basic protein and contains a high percentage of leucine and isoleucine residues. Predictions according to the Chou and Fasman (1978) and Garnier et al. (1978) algorithms, show that the protein is likely to be membrane assodated, with at least eight putative fl-sheet membrane spanning-domains separated by turns (Klein et al. 1985) .
KIORFX and K1HAP3 are anti-sense oriented but their transcripts do not overlap Hahn et al. (1988) -.--.;.---v---..., ................ i ........ i Hahn et al. (1988) .
Discussion
This report describes the isolation and characterisation of the K. lactis gene coding for the K1HAP3 protein.
The K1HAP3 protein is functional in an S. cerevisiae hap3 null strain in respect of the complementation of the respiratory-deficient phenotype of this mutant. In S. cerevisiae the ScHAP3 protein is thought to be part of the heteromeric trimer HAP2/3/4 and this result thus suggests that the K1HAP3 protein is capable of association with both ScHAP2 and ScHAP4 and that it can subsequently activate the expression of genes involved in mitochondrial biogenesis in S. cerevisiae. The slightly slower growth rate of Schap3 null transformants containing the K1HAP3 gene on a low-copy-number vector suggests that the heterologous complex functions less efficiently compared with the homologous ScHAP3 protein. The long C-terminal extension of the K1HAP3 protein is perhaps responsible for this effect. However, the possibility of less efficient synthesis or increased turnover cannot be excluded. The C-domain of the KIHAP3 protein shares features with activation domains of transcription factors. The K. lactis factor may thus combine functions that in S. cerevisiae are fulfilled by separate proteins, one possibility being that it overcomes the need for the third activating protein HAP4. This would be analogous to the results obtained by Olesen and Guarente (1990) , who showed that fusion of the transcription activation domain of GAL4 to the ScHAP2 protein rescues 
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. The alignment of the homologous HAP3 proteins shows that the central B-domain is highly conserved in evolution. This is consistent with the important functions this region of 90 amino acids probably has in subunit association and DNA binding, as has been suggested by several authors (Hooft van Huijsduijnen et al. 1990; Maity et al. 1990; Vuorio et al. 1990; Becker et al. 1991) . The exact relationship between these two activities is as yet unclear, since DNA binding, as measured by gel-mobility shift assays (Hahn et al. 1988) , requires the simultaneous presence of at least ScHAP2 and ScHAP3 and is clearly limited by the amount of either factor present in wild-type cells. The presence of a novel zinc-finger motif in the K1HAP3 protein leads us to speculate that the K1HAP3 protein and all homologous HAP3 proteins can bind directly to the DNA. Limitations on the sensitivity of the gel-mobility assay and/or a requirement for ScHAP2 in stabilization of a DNA-ScHAP3 complex may explain why such complexes have not been detected so far.
The conservation of gene order of ORFX and HAP3 between S. cerevisiae and K. lactis is not unprecedented. Other examples are the gene clusters RP59/S24/L46 (Bergkamp-Steffens et al. 1992) , APA2/ QCR7 (Mulder et al. 1994b) and FPS/QCR8 (Mulder et al. 1994a ). This phenomenon does not necessarily shown by stippled boxes reflect a functional relationship between these genes. The genes encode two very different proteins within unlinked pathways, as Hahn et al. (1988) have reported that disruption of the region containing the ORFX gene yields cells with no detectable mutant phenotype and no obvious defects in carbon source regulation. Our transcript mapping demonstrates that despite the anti-sense nature of the transcripts of these two genes, they do not overlap. This observation refutes the hypothesis in which the synthesis of the ScHAP3 protein is regulated by an anti-sense transcribed RNA. The mismapping by Hahn et al. (1988) of the transcription start site for the ORFX mRNA is probably due to the probe they used in the S1 nuclease assay: most probably this fragment does not contain the ScORFX start site at all. Our examination of the promoter of the ScHAP3 gene shows that it lacks any obvious elements for known regulatory factors. This, when taken together with the observation that the gene is constitutively transcribed, leads to the suggestion that posttranscriptional events regulate the roles played by the HAP3 protein. Although the additional features displayed by K1HAP3 suggest important roles for this protein, disruption of the gene in K. Iactis does not show a noticeable mutant phenotype. This is in marked contrast to S. cerevisiae in which gene disruption leads to respiratory deficiency. The same lack of phenotype is displayed by disruption of the K. lactis HAP2 gene ,A --B-- Fig. 7 Total RNA was isolated from S. cerevisiae strain DL1 grown on rich medium containing 2% ethanol and 2% glycerol. Part was used to isolate poly (A)--RNA. For Northern blot analysis 20 gg of total RNA and an amount of the poly (A) + fraction corresponding to 40 pg total RNA was used. To detect the ORFX and HAP3 mRNAs and to show that these transcripts do not overlap probe A, fragment DraI-BgIII, and probe B, fragment XhoI-SacI were used, respectively. ScPIM1 encodes a mitochondrial ATP-dependent protease as recently reported by VanDyck et al. (1994) phenotype of gene disruptants, between S. cerevisiae and K. lactis, is not yet clear. Possibly K. lactis makes use of a different (set of) factor(s) for carbon source regulation. Alternatively, HAP2 and HAP3 fulfil similar roles, but one can take over the function of the other when disrupted. The difference in phenotype may also be related to differences in HAP2/3-dependent expression of nuclear genes required for maintenance and replication of the mitochondrial genome in the two yeasts. For reasons that are as yet unclear, disruption of either ScHAP2 or ScHAP3 in S. cerevisiae causes a high degree of rho ° induction (Mattoon et al. 1990 ). This phenomenon is not observed in K. lactis. We are trying to resolve these differences by construction of 105 a Klhap2/Klhap3 double disruptant and study of the effects on both growth and gene expression.
